Structural changes and the hydrogen content in pseudobinary Ti 3 Al-Zr 3 Al, i.e., Ti 1−x−y Al y Zr x alloys (y = 0.25, 0.30 and 0.35) by hydrogenation were examined with a powder X-ray diffractometer (XRD) and a hydrogen analyzer. Single-phases with the D0 19 and the B2 structures were formed in the homogenized alloys, while an fcc phase coexisted with the B2 phase. These D0 19 , B2 and fcc phases changed into an amorphous phase by hydrogenation below 573 K. This is the first report of hydrogen-induced amorphization (HIA) by hydrogenation of a single-phase bcc type (B2) alloy. Furthermore, crystallization behavior of the hydrogen-induced amorphous Ti-Al-Zr alloys was investigated by a differential scanning calorimeter (DSC) and XRD.
Introduction
Hydrogen-induced amorphization (HIA), i.e., the transformation from a crystalline to an amorphous state by hydrogenation is of great interest, because the equilibrium crystalline hydride transforms exothermally to the metastable amorphous hydride, in contrast to crystallization of usual amorphous alloys. Furthermore, HIA is of practical importance, because it is closely related to a disproportionation which is considered to be one of the causes of a degradation of hydrogen absorption-desorption life of hydrogen storage alloys. HIA has been found in intermetallic compounds having the C15, C23, L1 2 (fcc), B8 2 and D0 19 (hcp) structures and containing a hydride-forming element. [1] [2] [3] [4] [5] However, HIA has not been observed in bcc type alloys. Recently, the present authors have shown that stoichiometric Ti 3 Al (Ti 0.75 Al 0.25 ) with the D0 19 structure absorbs hydrogen in the crystalline state and changes to the fcc type (CaF 2 type) hydride Ti 3 AlH x , while Al-rich Ti 0.70 Al 0.30 becomes amorphous by hydrogenation. 6) On the other hand, it has been reported that Zr 3 Al with the L1 2 structure changes to an amorphous state by hydrogenation. 7, 8) It is important to determine which phases are formed in the pseudobinary Ti 3 Al (D0 19 )-Zr 3 Al (L1 2 ) alloys and whether or not they absorb hydrogen in the crystalline state. In the present work, structures and the hydrogen content in hydrogenated pseudobinary Ti 3 Al-Zr 3 Al alloys were investigated with a powder X-ray diffractometer (XRD) and a hydrogen analyzer. We report on HIA of the Ti-Al-Zr alloys with the D0 19 , B2 and FCC structures.
Experimental
Pseudobinary Ti 3 Al-Zr 3 Al alloys, i.e. Ti 0.75−x Al 0.25 Zr x , Ti 0.70−x Al 0.30 Zr x and Ti 0.65−x Al 0.35 Zr x were prepared by arc melting using high-purity metals in an argon atmosphere. The ingots were homogenized at 1173 K for 605 ks in an evacuated quartz tube and pulverized under 50 mesh. Before hydrogenation, the powder samples were activated at 673 K for * Graduate Student, Kitami Institute of Technology.
3.6 ks in vacuum. Subsequently, they were hydrogenated using high-purity hydrogen (99.99999%) at a pressure of 5 MPa for 0.06-259 ks, at temperatures between 293 K to 673 K. Structures of the powder samples before and after hydrogen absorption were identified with a powder XRD using monochromatic CuKα radiation. The thermal stability of the hydrogen-induced amorphous alloys was monitored with a differential scanning calorimeter (DSC) at a heating rate of 0.67 K/s under an argon flow atmosphere. The amount of absorbed hydrogen was determined with a hydrogen analyzer by measuring the thermal conductivity of argon gas, in which hydrogen is desorbed, at a heating rate of 2 K/s. Intensity (a. u.) elucidate the origin of these peaks, the samples were heated to the distinct stages of the DSC run in an argon atmosphere. spondingly, the hydrogen content is reduced to 0.4 (H/M). Consequently, the endothermic peak around 700 K results from hydrogen desorption. The XRD pattern of the sample heated above the exothermic peak, i.e. to point C, is indexed on the basis of the bcc phase, which indicates that the exothermic peak at around 770 K is due to crystallization of the amorphous alloy into the bcc phase. drogenated at different temperatures in 5 MPa H 2 for 86 ks. The lattice parameter of this B2 phase is 0.34 nm. On hydrogenation below 673 K, the XRD patterns show the amorphous halo, independent of the hydrogenation temperature. The hydrogen content decreases slightly with increasing hydrogenation temperature. Although it would be interesting to ascertain what phases are formed at elevated temperatures, it is problematic to heat the sample to higher temperatures because of experimental limitations. Figure 6 shows a DSC curve and a change in the hydrogen content in Ti 0.10 Al 0.30 Zr 0.60 H 1.26 alloy. The DSC curve shows one broad endothermic peak between 750-900 K and one sharp exothermic peak around 900 K together with faint exothermic peaks. of the amorphous phase, although the hydrogen content is reduced to 0.5 (H/M). Consequently, the endothermic peak results from hydrogen desorption in the amorphous state. The XRD pattern of the sample heated above the sharp exothermic peak, i.e., to point C is indexed on the basis of Zr 2 Al and (Zr, Ti)H 2 , which indicates that the exothermic peak is due to crystallization of the amorphous alloy. The XRD pattern of the sample heated to point F is indexed on the basis of (Zr, Ti) and Zr 2 Al. The original B2 phase is not recovered by heating to high temperatures, i.e., the recombination between (Zr, Ti) and Zr 2 Al does not occur in contrast to the C15 Laves RFe 2 .
Results and Discussion
9) Figure 8 shows XRD patterns of Ti 0.70−x Al 0.30 Zr x alloys hydrogenated in 5 MPa H 2 for 86 ks at room temperature. The structures of the original alloys are indicated on the right side of the figure. It is worth noting that HIA is observed for all compositions. As displayed in Fig. 1 , the Al 30 Zr 70 alloy consists of the B2 and fcc phases. All Bragg peaks disappear and are replaced by the broad peak of the amorphous phase, which implies that both the bcc and fcc phases become amorphous by hydrogenation. Figure 9 shows the phase region of the homogenized and hydrogenated Ti-Al-Zr alloys.
The D0 gen occupation sites between the amorphous alloys prepared by hydrogenation of the D0 19 and the B2 compounds.
Summary and Conclusions
The structure and the amount of absorbed hydrogen in the hydrogenated Ti 0. 
